Background: Vertebral artery injury (VAI) after blunt cervical trauma occurs more frequently than historically believed. The symptoms due to vertebral artery (VA) occlusion usually manifest within the first 24 hours after trauma. Misdiagnosed VAI or delay in diagnosis has been reported to cause acute deterioration of previously conscious and neurologically intact patients. Case presentation: A 67 year-old male was involved in a motor vehicle crash (MVC) sustaining multiple injuries. Initial evaluation by the emergency medical response team revealed that he was alert, oriented, and neurologically intact. He was transferred to the local hospital where cervical spine computed tomography (CT) revealed several abnormalities. Distraction and subluxation was present at C5-C6 and a comminuted fracture of the left lateral mass of C6 with violation of the transverse foramen was noted. Unavailability of a spine specialist prompted the patient's transfer to an area medical center equipped with spine care capabilities. After arrival, the patient became unresponsive and neurological deficits were noted. His continued deterioration prompted yet another transfer to our Level 1 regional trauma center. A repeat cervical spine CT at our institution revealed significantly worsened subluxation at C5-C6. CT angiogram also revealed complete occlusion of bilateral VA. The following day, a repeat CT of the head revealed brain stem infarction due to bilateral VA occlusion. Shortly following, the patient was diagnosed with brain death and care was withdrawn.
Introduction
VAI after blunt cervical trauma had previously been considered to be rare until clinical studies revealed data to the contrary [1, 2] . Biffl et al. found blunt VAI in 15.2% of patients who met their screening criteria for digital subtraction angiography [1] . Hyperextension injuries, with or without lateral flexion and rotation, have previously been discussed as the most common mechanism of closed injury to the VA [3, 4] . VAI can be unilateral or bilateral. Bilateral VAI is less frequent. Unilateral occlusion of the vertebral artery seldom results in a neurological deficit if the collateral supply through the other vertebral and posterior inferior arteries is sufficient [5] . Bilateral occlusion may also be asymptomatic [4] . However, this usually causes neurological deficit or even death [6] . VAI has been underdiagnosed or misdiagnosed frequently. This mainly occurs because most VAI patients remain asymptomatic if the VA is damaged only unilaterally. However, misdiagnosed VAI has often been reported to cause acute neurologic deterioration of previously conscious patients with cervical spine injury [7] [8] [9] .
In the present paper, we report a case of a 67 year-old male who sustained a severe hyperextension injury to the C5-6 segment as the result of a roll-over MVA. This fracture-subluxation also caused bilateral VA injury that progressed to brain stem infarction and, ultimately, death.
Case report
A 67 year-old male had a single-car, rollover MVC. At the scene, emergency medical response personnel noted that he was alert, oriented and could move all extremities vigorously. No focal neurological deficit was noticed. He complained of facial pain which was attributed to a minor right-temple-area laceration. However, his most significant complaint was posterior neck pain. He was fitted with a cervical field-collar and transported to the local hospital. X-rays taken at that time revealed traumatic C5-C6 retrolisthesis. A cranial CT showed no intracranial abnormality with the absence of bleeding or traumatic injury. A cervical spine CT revealed subluxation at C5-C6 ( Figure 1 ) and a comminuted fracture of the left lateral mass of C6 with disruption of the transverse foramen. Lack of spine treatment capability prompted the patient's transfer to a regional medical center by life flight four hours later. Upon arrival, a neurosurgical evaluation noticed development of neurological deficits. Bilateral upper extremity weakness was described as 4-/5 in the left biceps and 3+/5 in the right biceps. Unfortunately, no other neurological examination details were available. Then, three hours later, the patient's neurological exam drastically changed. Complete absence of motor function in the upper and lower extremities was described. Additionally, he became apneic and hypotensive requiring cardiopulmonary resuscitation. Intubation and a major resuscitative event restored hemodynamic stability and thus enabled another transfer to our Level 1, Regional Trauma Center. Upon arrival to our institution, he was intubated, and found to have asymmetric pupils, minimal corneal reflex, and minimal cough reflex. These findings were consistent with significant brainstem injury. A repeat cranial CT, repeat cervical spine CT, and a head-neck CT angiogram were obtained. These images revealed dramatically worsened subluxation at C5-C6 ( Figure 2 the patient's family, the patient's care was then withdrawn.
Discussion
VAI after blunt cervical trauma is common. The VA is most susceptible at the C5-C6 level just after it enters the transverse foramen. Other areas of susceptibility are located at the atlanto-axial level just after the VA leaves the transverse foramen, and at the atlanto-occipital level where the VA is tethered by the dura [4] . Ozveren et al. mentioned that the mobility of the artery suddenly decreases as it enters the transverse foramen of C-6. Bilateral VA injury is frequently associated with midcervical subluxations and dislocations, most commonly at C5-C6 [6] . The associated spine injury may be a dislocation or a vertebral body fracture with transverse foramen involvement. Hyperextension injuries, with or without lateral flexion and rotation, have previously been accepted as the most common mechanism of closed injury to the vertebral artery [3, 4] . Biffl et al. suggested VAI should be suspected in any patient who presents with hemorrhage from the mouth, nose, or ear and any mechanism of injury significant for severe cervical hyperextension/rotation or hyperflexion [1] . This case involved a severe hyperextension mechanism with resultant subluxation injury at C5-C6 with transverse foramen fracture. These attributes suggests a high risk of bilateral VAI. The mechanism of injury to the vertebral artery by closed trauma involves stretching and tearing of the intima and media, dissections, mural thrombosis, clot propagation, aneurismal dilation, and occlusion [10, 11] .
VAI requires a high index of suspicion for prompt diagnosis and successful treatment. The difficulty with diagnosis lies in the fact that the majority of patients will not have neurologic symptoms. Unilateral occlusion of the vertebral artery system rarely results in a neurologic deficit because of collateral supply through the contralateral vertebral artery and the posterior inferior cerebellar arteries [5] . Even if the patient ultimately demonstrates neurological symptoms, it is usually not clearly evident from the initial evaluation [5, 12] . Many of the reported cases of posttraumatic VA occlusion demonstrate an asymptomatic interlude of a few hours between the trauma and the onset of signs of brain stem or cerebellar dysfunction [3, 5, 10, [12] [13] [14] . Marks and Freed suggested that this interlude was due to the slow progression of the thrombosis or, alternatively, to the gradual swelling of the vessel wall secondary to trauma [13] . Another cause might be the slow swelling of the infracted brain stem and cerebellum which are only partially supplied by collaterals.
Unlike unilateral VA occlusion in which only 20% of patients are symptomatic [15] , most patients with bilateral VA occlusion are symptomatic. Patients with bilateral VAI usually presented with more severe symptoms, including an altered mental status, pinpoint pupils, and even sudden respiratory arrest [6, 12, 16, 17] bilateral vertebral artery occlusion [4] . Angiography demonstrated occlusion of both vertebral arteries and reconstitution by intramuscular collateral vessels of the thyrocervical trunk and by collaterals from the superficial occipital artery. The absence of neurologic deficits has been attributed to adequate intracranial collateral flow from the anterior half of the circle of Willis. However, acute bilateral vertebral injuries are usually associated with vertebrocerebellar stroke and/or death [17] . In a recent review, the mortality rate for cervical spine fractures associated with VAI was 40% [19] . Previous studies report fully oriented, neurologically normal patients upon initial evaluation with a subsequent progression to brain stem infarction. These infarctions are secondary to bilateral VA occlusion [6, 12] . In this case, we speculate a gradual VA occlusion occurring within hours that lead to brain stem infarction despite a brief period when adequate blood flow was present. The prognosis of bilateral VAI is grim with less than a third of the patients achieving good outcome [6] .
There have been no definite standards or guidelines as to what is the most important and optimal imaging study for patients suspected of VAI [20] . Being that digital subtraction angiography (DSA) is the criterion standard, neither magnetic resonance angiography (MRA) or computed tomography angiography (CTA) has been able to show comparable sensitivity and specificity [2, 21, 22] . Recent trauma practice guidelines with associated review suggests that multidetector (> = 8) CTA may approach DSA in terms of sensitivity [23] . In terms of practicality, however, DSA is invasive and resource intensive. Giacobetti et al reported MRA can be an excellent, rapid, noninvasive alternative for diagnosis of vascular occlusion or damage, since most patients with cervical spine injuries will undergo MR imaging for the spinal lesions [24] . CTA is also a useful, less-invasive modality in which examination times are short and contrast volumes are small (usually less than for DSA). At some institutions, polytrauma patients receive a multislice CT scan with contrast medium as part of a standardized diagnostic procedure. This potentially leads to earlier diagnosis of VAI. Initial use of contrast enhanced CT scans and/or MRI scans may be wise during initial trauma patient evaluation with severe cervical hyperextension/rotation or hyperflexion. This would also eliminate secondary procedures that are normally obtained after initial non-contrast CT scans identify cervical spine injuries that have potential vertebral artery involvement.
Reported treatments for VAI include supportive management, surgical ligation, radiologic embolization, systemic heparinization, and antiplatelet therapy [12] . The most frequently used specific treatment is anticoagulation. Treatment of bilateral VAI is still not standardized and varies from anticoagulation to ligation and thrombectomy. Urgent reduction of spinal subluxation/ dislocation and proper immobilization of the spine with subsequent stable internal fixation is performed in most cases of bilateral VAI [6] . There are no reported cases of attempts of revascularization in traumatic bilateral VAI.
Neurological deterioration in patients with spinal cord injury occurs in around 5% of patients even with proper immobilization of the spine [25] . On the other hand, Hauswald et al. suggest that, as a large amount of force is required to damage the spine and injure the spinal cord, movements during transport are unlikely to generate sufficient energy to result in additional injury [26] . In our patient, cervical spine CT at our institution showed dramatically worsened subluxation at C5-C6 compared to that at the local hospital. Onset of spinal cord injury, or worsening of previously present spinal cord injury, from two major transport events may have occurred. This may be contributing to the progressive neurologic deficit and clinical course. Although full evaluation of the neurological status was not possible once the patient arrived at our institution, the remote data would indicate a relatively drastic change in the perceived motor function of this patient. It also remains possible that VAI worsened more rapidly because of increased subluxation in this patient. More displacement could have resulted in further disruption of the VA system. This possibility demonstrates the importance of proper immobilization and good neck positioning. Depending on the mechanism and morphology of cervical spine injury, proper immobilization could come in different forms. It could be argued that an injury of this severity mandates halo-vest placement especially when multiple, long-distance transfers are needed to facilitate patient care. It should further be mentioned that multiple transportation events can be risk factors for worsening injury and significant delays in treatment.
Conclusion
This patient died from brain stem infarction secondary to bilateral VA occlusion following blunt cervical spine trauma. Multiple transportation events, poor neck positioning, and improper immobilization seemed to result in worsened subluxation at the injured cervical segment. This may have contributed to the rapid decline in this patient's course from both a neurological and vascular standpoint. Prompt treatment of this injury would have required urgent arteriography to identify the occluded vertebral arteries. It may, therefore, be reasonable to include contrast with initial cervical CT scan evaluation. Alternatively, empirical treatment based on recognition of the traumatic mechanism and pattern of injury may have proved useful. However, no current studies address this concept. Finally, multiple transportation events should be avoided in all possible scenarios and stable, proper immobilization with correct neck position depending on the mechanism of injury is necessary. These fundamental principles may enable prevention of secondary injury to the damaged cervical spine and the important vascular structures of this region.
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